RdRPs. Therefore, studies of the viral RdRP establish a framework for the study of cellular RdRPs, an important yet understudied class of nucleic acid polymerases.
Introduction
Under physiological conditions, RNA-dependent RNA polymerases (RdRPs) catalyze the formation of phosphodiester bonds between ribonucleotides in an RNA template-dependent fashion. RdRPs have been found primarily in RNA viruses. In some cases, these enzymes are virion associated; in others, these enzymes are nonstructural proteins located in the cytoplasm but, on occasion, are located in the nucleus. In viral systems, the RdRP is responsible for transcription and replication of RNA virus genomes. Given the essential role of the RdRP for virus multiplication, the viral RdRP has been the subject of intensive study for many decades.
More than 30 years ago, RdRP activity was detected in the tissue of numerous plants that were thought to be uninfected (Astier-Manifacier and Cornuet 1971; AstierManifacier and Cornuet 1978; Boege and Sänger 1980; Duda et al. 1973 ). This observation eventually led to the cloning of a gene from tomato thought to be at least a component of this cellular activity of plants, although direct demonstration of RdRP activity associated with the cloned gene product was not possible (Schiebel et al. 1998 ). Subsequently, it was shown that the plant RdRP gene had homologs in fungi [e.g., QDE-1 in Neurospora crassa (Cogoni and Macino 1999)] and nematodes [EGO-1 and RRF genes in Caenorhabditis elegans (Smardon et al. 2000) ]. In all cases, these genes were shown to be essential for gene silencing events: co-suppression in plants ( Mourrain et al. 2000) ; quelling in N. crassa (Cogoni and Macino 1999); and RNA interference (RNAi) in C. elegans (Smardon et al. 2000) . In particular, the RdRP is implicated in the genesis and/or maintenance of the gene silencing trigger, doublestranded RNA (dsRNA) (Nishikura 2001). Recently, RdRP activity was shown for the QDE-1 gene product, QDE-1p (Makeyev and Bamford 2002) , and a structure of this enzyme is imminent (Laurila et al. 2005a) . Unfortunately, at this time, the structurefunction relationships of this class of RdRPs remain to be defined.
In this article, we will review our current understanding of the structure, function, and mechanism of viral RdRPs. It is likely that the unifying principles and corresponding methods described for viral RdRPs will be useful in guiding studies of cellular RdRPs required for RNAi.
RdRP Structures
Three-dimensional structural information is currently available for RdRPs from five families of positive-strand [ Picornaviridae : poliovirus, human rhinovirus, footand-mouth-disease virus (FMDV); Caliciviridae : rabbit hemorrhagic disease virus, Norwalk virus; and Flaviviridae : hepatitis C virus, bovine viral diarrhea virus] and double-strand ( Cystoviridae : phage φ6 and Reoviridae : reovirus) RNA viruses (Table 1 ). All enzymes share an overall structure that resembles a cupped "right
